Predicting how species, particularly rare and endangered ones, will react to climate change is a 25 major current challenge in ecology. Rare species are expected to have a narrower niche width than 26 common species. However, we know little whether they are also less able to cope with new climatic 27 conditions. To simulate climate change, we transplanted 35 plant species varying in rarity to five 28 botanical gardens in Switzerland, differing in altitude. For each species we calculated the difference 29 in climate between their natural habitats and the novel climate of the respective botanical garden. 30 We found that rare species had generally lower survival and biomass production than common 31 species. Moreover, rare plant species survived less when the amount of precipitation differed more 32 from the one in their natural range, indicating a higher susceptibility to climate change. Common 33 species, in contrast, survived equally well under all climates and even increased their biomass under 34 wetter or drier conditions. Our study shows that rarer species are less able to cope with changes in 35 climate compared to more widespread ones, which might even benefit from these changes. This 36 indicates that already rare and endangered plant species might suffer strongly from future climate 37 change. 38 39 Keywords: Plant-climate interactions, plant rarity and commonness, range size, species 40 abundance, climatic tolerance, climatic niche, fundamental niche, survival, plant performance 41 42 43 48 management efforts. For plants, the predicted changes in temperature and precipitation can have 49 profound implications for their growth and survival. An increase of 1 to 2°C in the global mean 50 surface temperature (IPCC 2014) along with a reduction in the average amount of precipitation, 51 and the occurrence of more extreme events such as droughts, directly impact plants and change 52 abiotic and biotic parameters. To survive climate change, plant populations may migrate to keep 53 track of favorable environmental conditions, or they can also tolerate the new climatic conditions 54 and adapt (Franks et al. 2014). Accordingly, many models predict that species will shift their ranges 55 in response to climatic modifications (e.g. Bakkenes et al. 2002, Thomas et al. 2004). However, 56 migration may be limited, e.g. by topographic boundaries such as mountains, the increasing 57 fragmentation of our landscapes (Jump and Peñuelas 2005), or for species with a long generation 58 time and low dispersal abilities (Aitken et al. 2008), and hence models hypothesize that a higher 59 number of plant species will be threatened in a close future by the loss of climatically suitable areas 60 (Thuiller et al. 2005). Therefore, tolerance to climate change might be of particular importance for 61 plant populations.
INTRODUCTION
Understanding how species respond to a changing climate is one of the most important current 45 challenges for ecologists (Chevin et al. 2010 , Chessman 2013 , Pacifici et al. 2015 . Rare, already 46 endangered species might be particularly vulnerable to climate change (Schwartz et al. 2006) , and information in how they respond to changes in climate is crucial to target conservation and cells occupied by a given species in Switzerland (data provided by Info Flora). We used range size 116 in Switzerland because a continuous measure of European range sizes for our species is not 117 available yet. Nevertheless, for a subset of 21 species for which European range size is available, 118 Swiss and European range size were positively correlated (r = 0.508, p < 0.001, Text S1). 119 For each species we calculated climatic values, which characterize the climatic conditions in the 120 natural range of a species in Switzerland. We calculated the mean annual temperature and mean 121 annual level of precipitation per species (Table S1 ) by extracting climatic information at all known 122 locations of the species in Switzerland using precise coordinates (for complete details on the 123 climate data, see (Zimmermann and Kienast 1999) . For each botanical garden, we also extracted 124 the mean annual temperature and mean annual level of precipitation (Table 1) . 125 To define the difference in climate between a botanical garden and a species´ natural range, we 126 calculated the temperature and precipitation differences by subtracting the climatic value of a 127 species range from the climatic value of a botanical garden. A negative value of a precipitation or species identity nested into plant family (to account for taxonomy), and the botanical garden where 140 the plants grew, as random factors. We also included the initial height of the plants as covariate, to 141 control for initial size differences.
142
To test whether rare and common species respond differently in terms of their survival and 143 aboveground biomass production to climatic differences, we used range size, temperature 144 difference, precipitation difference, and the interaction between range size and climatic differences 145 as explanatory variables. We also included the quadratic terms for the climatic differences as we 146 expected a hump-shaped relationship with an optimum at a climatic difference of 0 (i.e. where the 147 climatic conditions in a garden match the ones of a species natural range). Further, we included the 148 interaction between the quadratic terms for the climatic differences and the range size of the 149 species. Although the climatic variables 'temperature difference' and 'precipitation difference' 150 were correlated with each other (r = -0.64, p < 0.001), both explained a significant part of the 151 variation and were both kept in the model. We simplified the full models by removing non-152 significant terms and we determined significances using likelihood-ratio tests comparing models 153 with and without the factor of interest. Non-significant linear terms were kept when the 154 corresponding interaction and quadratic terms were significant. We log-transformed the biomass 155 data and scaled all continuous variables to means of zeros and standard deviations of one for an 156 easier interpretation of the model estimates.
with a larger range size survived better (Chi 2 = 3.88, p = 0.049) and produced more aboveground 164 biomass (Chi 2 = 17.5, p < 0.001, Fig. 1 ) than rarer species.
165
Survival was highest at low precipitation differences, i.e. when the climatic conditions of a garden 166 were most similar to the ones of a species natural range. This effect was only driven by rare plant 167 species, whose survival decreased when the amount of precipitation in a garden differed from the 168 one of their natural range. In contrast, more common species were hardly affected by differences 169 in precipitation, maintaining a high average survival in all botanical gardens (significant range size 170 x squared precipitation difference interaction, Table 2 , Fig. 2a ).
171
Aboveground biomass of rarer species was hardly affected by differences in precipitation between 172 a botanical garden and the species natural range. Common species, however, produced more 173 biomass when the conditions were drier -and thus sunnier -and when the conditions were wetter 174 than in their natural range (Table 2, Fig 2b) . This indicates that more common plant species are 175 able to plastically increase their biomass in these conditions whereas rarer plant species are less 176 plastic and show a relatively stable biomass production.
177
Overall, survival and biomass production was lowest when the temperature in a botanical garden 178 deviated most from the mean temperature of a species natural range (significant squared 179 temperature difference effect, Table 2 , Fig. 3 ), and this did not differ for rare and common species. In contrast to results on survival, aboveground biomass production of rarer species hardly changed 221 in response to differences in precipitation. More common species, however, increased their 222 biomass particularly when the amount of precipitation was lower than in their natural range (Table   223 2, Fig. 2b ). Possibly, a dryer climate implies a higher number of sunny days and therefore more 224 favorable conditions for plant growth. More common species therefore seem to be more able to 225 plastically increase their biomass under favorable growing conditions, whereas rarer species seem 226 to be less able to change their phenotypes in response to environmental variation. When 227 precipitation was higher than in their natural range, more common species were also able to 228 increase their biomass. This plastic response in more widespread species indicates that, in addition 229 to maintaining generally high survival under different climatic conditions, widespread species were 230 able to take advantage of both drier and wetter conditions. Widespread species have also been 231 shown to be better able to take advantage of an increase in nutrient availability than rare species therefore adds additional evidence that widespread species might be widespread as they are able to take advantage of favorable climatic and environmental conditions than species of small range size, 236 and that this is a general pattern. Under future climate change, with a predicted increase in extreme 237 precipitation events (Easterling et al. 2000) , our results indicate that more common species might 238 better take advantage of the changing climatic conditions and potentially outcompete rarer species.
239
This calls for developing measures to support rare species.
240
In most cases, widespread species experience a wider range of climatic conditions in their natural 241 ranges than species with a more restricted range size. Therefore, the mean altitude, mean annual for such potential bias, we analyzed a subset of our data by keeping only those rare species that 247 occur within the same climatic range than our common species (Table S3 ). This analysis confirmed 248 the effects of climatic differences and their interaction with range size found for the whole dataset, 249 which suggests that our finding that more widespread species have a wider climatic tolerance than 250 rarer ones is robust. 9 Ludwigia palustris 9 10 10 9 10 Nigella arvensis 9 11 10 9 10 Oenanthe lachenalii 10 10 9 10 10 Peucedanum venetum 10 10 9 10 10 Polycnemum majus 10 10 9 10 10 Potentilla multifida 10 10 10 10 10 Rumex crispus 8 9 9 9 9 Rumex hydrolapathum 10 10 10 10 10 Rumex maritimus 10 10 10 10 10 Sedum alpestre 9 9 9 9 9 Sedum villosum 4 7 6 7 6 Senecio halleri 6 7 5 6 8 Seseli annuum 10 10 10 10 10 Stachys annua 10 9 10 10 10 Trifolium pratense 7 9 8 9 8 Trifolium repens 9 9 9 9 9 Table S3 . Effect of climatic differences on the biomass production and the survival of a subset of 460 31 species. The rare species used in this experiment naturally occur in a wider range of climatic 461 conditions than the common species used in this experiment (Fig. S4) . We re-analyzed our data 462 with a dataset including all the common species and a subset of 20 rare species, keeping only those 463 which occur inside a precipitation range of 900 to 1600 mm.yr -1 . We considered the precipitation 464 values to define this climatic range because it was the climatic variable which interacted with range 465 size. The results did not differ qualitatively from the analysis of the entire dataset. 
